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autophosphorylation of a critical
activation-loop tyrosine by a
transient intermediate that only
forms during translation [19]. In
the future, we expect further
conceptual advances in our
understanding of the link between
the cell cycle and cell-fate
specification from studies of the
remarkable and well-organized C.
elegans female germ cell.
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R95Neuroimaging: Perception at the
Brain’s Core
Two new functional imaging studies have shown that activity in the
lateral geniculate nucleus of the thalamus strongly reflects perceptual
dominance during binocular rivalry, raising new questions about how
subjective percepts arise in the brain.David A. Leopold and 
Alexander Maier
How can activity in the brain
possibly give rise to our
subjective experience? This
question can be traced back at
least to René Descartes, the
father of modern philosophy who
lived in the 17th century. In his
Treatise on Man [1], Descartes
hypothesized that a percept
arises when a sensory stimulus
impresses upon the pineal gland,
which communicates directly with
the soul (Figure 1A, soul not
shown). In explaining his choice of
the pineal gland, the onlyunpaired structure in the brain he
could identify, he appealed to the
unity of perception: “Since we see
only one thing with two eyes, … it
must necessarily be the case that
the impressions which enter by
the two eyes…unite with each
other in some part of the body
before being considered by the
soul” [2].
In modern times, Descartes’
brain theory is irreconcilable with
the known physiology of the brain,
and is often disparaged among
neuroscientists as the prototype
of unscientific mind–body
dualism. Yet we must admit that
his original questions linger. Howdoes the brain create unity in our
perception despite paired sensory
organs? And, more generally, how
could any biological circuitry
create a subjective percept? In
recent years, a theoretical
framework has arisen to study the
scientific basis of conscious
perception [3]. Experimental
techniques ranging from single-
cell recordings in laboratory
animals to functional magnetic
resonance imaging (fMRI) in
humans have sought to identify
specific neural correlates of our
visual experience. Typically, such
experiments involve tracking
activity in the brain under
conditions where perception
wavers despite an unchanging
sensory stimulus.
Particularly prominent in recent
years has been the study of
binocular rivalry, where paired,
but conflicting, monocular visual
patterns are presented
simultaneously to the two eyes
[4]. Under such conditions,
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R96Figure 1. Core brain structures that may be involved in percept generation.
(A) In Descartes' theory, perception arises when a sensory pattern is transmitted to the
soul via the pineal gland (glandula H, pink). (B) Using functional magnetic resonance
imaging (fMRI), two recent studies [5,6] found that activity in the lateral geniculate
nucleus of the thalamus (green) correlated strongly with internally generated subjective
perceptual changes during binocular rivalry.
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Current Biologyperception impressively reverses
every few seconds between the
left- and right-eye’s views, raising
questions about what sort of
changes in the brain might
accompany this subjective
switching. Two recent studies
[5,6] have gained new ground on
this important topic by using fMRI
to examine a small structure at
the core of the brain. Haynes et
al. [5] and Wunderlich et al. [6]
both examined activity
fluctuations in the lateral
geniculate nucleus (LGN) during
spontaneous perceptual changes
in binocular rivalry. And, quite
surprisingly, both studies found
that activity in the LGN was
strongly correlated with the
subjects’ perception.
This result is surprising because
the LGN, a portion of the thalamus
devoted to vision (Figure 1B), is
seldom considered to be directly
involved in perception. It is a
laminated structure, where
information from the two retinas
remains strictly segregated, with
each internal layer consisting of a
topographic map of the entire
visual hemifield. Yet, while most
would consider the LGN to be
simply passing basic visual
information along to the cerebral
cortex, there are some notable
mysteries about this structure. Forexample, it is well-known that the
LGN receives considerable highly
organized projections, directly
and indirectly, from the cortex.
While many have speculated on
the functional significance of this
so-called corticofugal input,
including its role in binocular
rivalry [7], the function of these
connections remains a mystery
[8]. In demonstrating strong
perceptual modulation during
rivalry, both recent studies
represent a potential step forward
in understanding how cortical and
subcortical structures might
interact in the generation and
maintenance of a subjective
percept.
The approaches of the two
groups were somewhat different,
and in a sense complementary.
Wunderlich et al. [6] used a
previously applied technique [9]
that exploits the increased
responses of neurons to high
contrast patterns compared to
low contrast ones. In short, they
created binocular rivalry between
a faint stimulus (to one eye) and a
high-contrast one (to the other)
and observed the activity in the
LGN as the two stimuli alternately
dominated the observers’
perception. Remarkably, they
found that the activity fluctuations
were roughly as large duringsubjective perceptual changes as
they were when the high and low
contrast patterns were physically
alternated on the screen [6].
Haynes et al. [5] used a slightly
different technique that allowed
them to go one step further.
Applying high resolution imaging
techniques, they first identified
the monocular preferences of
voxels throughout the LGN —
biases thought to arise due to
differential contributions of the
left-eye and right-eye layers within
each voxel. They next found that
by monitoring these voxels of
known ocular bias during fMRI
testing, they were able to predict
with great accuracy which eye
was phenomenally dominant at
each point in time [5] (Figure 2).
One interpretation of these
findings, perhaps the simplest,
would be that information from
the non-dominant eye is blocked
at this relay nucleus, and thus
never makes it to the cortex.
Perception would thus represent
the only information that passed
this checkpoint on to the rest of
the brain. This notion is largely
consistent with several previous
human fMRI studies investigating
this phenomenon [9–11].
Yet this interpretation, however
alluring, cannot be correct, as
there is equally compelling
evidence to the contrary. Single-
unit recordings in the LGN of
monkeys during binocular rivalry
did not find evidence of state-
dependent activity changes [12].
Furthermore, recordings in the
primary visual cortex, which
receives the major output of the
LGN, showed only modest
perceptual modulation during
binocular rivalry [13–15]. In
addition, psychophysical
experiments, while affirming that
ocular segregation is a key feature
of binocular rivalry [16], are
incompatible with an early
monocular blockade at the stage
of the LGN [17,18]. But if
perceptual suppression does not
take this form, then how can the
present results be explained?
One of the most intriguing
aspects of the new experiments
[5,6] is that they, more than
previous studies, force us to
rethink how different techniques
might provide different
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R97Figure 2. Binocular rivalry in the LGN as measured with fMRI.
(A) Information from the two eyes remains segregated in its projections to the LGN (red and green layers). While LGN then projects to
the neocortex, it receives numerous direct and indirect projections back from the cortex, which are likely to shape the perceptual
modulations observed in the present study. (B) Cartoon of stimulus, percept, and fMRI activity in a biased voxel during binocular
rivalry (top) and sequential monocular switching (control condition, bottom). Note that the similar activity pattern in the two conditions
reflects the similar percepts, rather than the very different inputs.
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Current Biologyperspectives on neural correlates
of perception. For one, they add
the strongest evidence to date
that imaging techniques can
detect modulation that is, for
reasons that we do not yet
understand, largely absent in the
spiking of individual neurons
[4,19]. Recent work in monkeys
has emphasized the contribution
of non-spiking activity to the fMRI
signal, which may account for
some of the difference [20].
Furthermore, the volumetric
nature of the fMRI measurement
is fundamentally different from the
monitoring of electrical
discharges from single,
localizable neurons. Each voxel
contains thousands to millions of
neural elements, whose activity at
each point in time is condensed
down to a single number
measured through the vascular
response. To wit, using the
fluctuation of fMRI intensity to
make inferences about complex
neural processes within a voxel
might be similar to using the flow
through the main plumbing line to
understand the activity of people
in an office building. While the
measured changes will correlate
well with some aspects of theirbehavior, it will be insensitive to
others.
The notion that
electrophysiological and fMRI
signals provide complementary
information about the perceptual
mechanisms in the brain might be
taken as good news for scientists
struggling to understand the
neural basis of rivalry and visual
perception in general. The new
studies [5,6] are an important step
forward because they
demonstrate that activity in
thalamic relay structures, buried
deep within the brain, just a short
distance from Descartes’ pineal
gland, may be critical for
understanding how the brain
distills a singular perceptual
impression from its paired inputs.
In the quest for neural correlates
of consciousness, these findings
may thus foreshadow an
increasing appreciation of
subcortical structures, acting
together with their cortical
counterparts, in the generation
and maintenance of subjective
percepts.
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Sol Sotillos
Signalling pathways
transcriptionally activate a wide
array of target genes, but not all of
the possible target genes of a
pathway are activated in every
cell. Rather, the particular subset
of genes activated depends on
the stage of development,
physiological conditions and cell-
type. In general, this activation
specificity is conferred by other
molecules — generally
transcription factors. For instance,
activation of a pathway in the
mesoderm activates mesodermal
target genes, while activation in
the ectoderm activates
ectodermal genes, due to
mesoderm- and ectoderm-
specific cofactors. The problem
gets more complicated when both
cell types are very similar and
thus are likely to express identical
cofactor molecules. What confers
specificity in such cases?
The JAK/STAT Signalling
Pathway
A good system to study specific
target activation is the JAK/STAT
signalling pathway. This pathway
has been conserved through
evolution and plays crucial roles in
development and homeostasis [1].
In vertebrates, where the pathway
has been well studied because of
JAK/STAT Signall
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cell-specific. New data show that th
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selection of STAT targets in vertebr
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to invisible gratings and the site of
binocular rivalry suppression. Nature
249, 488–490.
18. Logothetis, N.K., Leopold, D.A., and
Sheinberg, D.L. (1996). What is rivalling
during binocular rivalry? Nature 380,
621–624.
19. Posner, M.I., and Gilbert, C.D. (1999).
Attention and primary visual cortex.
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of the blood-oxygen-level-dependentits importance for development of
the immune system, it is still not
clear how cell specific responses
are achieved. Here, the differential
use of the myriad of receptors,
JAK kinases, STAT transcription
factors and transcriptional co-
factors has been invoked. Several
papers [2–5], the most recent [5]
in Current Biology, show an
alternative way for target selection
involving the KEN/BCL-6
sequence-specific transcriptional
repressor family has been
conserved during evolution.
The Drosophila JAK/STAT
pathway (Figure 1) is a slimmed
down version of its vertebrate
counterpart, as it entails only
three cytokine ligands, one main
receptor, a single JAK kinase and
one STAT transcription factor
(reviewed in [6]). During
development, the redundant
ligands, UPD and UPD2, are
expressed in overlapping patterns
and activate a number of genes in
various tissues [7,8]. In
Drosophila, a number of pathway
target genes can be taken as
tissue-specific readouts for STAT
activation. Among them are
socs36E, a negative feedback
regulator of JAK/STAT signalling
and vvl, a gene encoding a
transcription factor expressed in
most of the ectoderm epithelial
derivatives and that is activated
by STAT in the hindgut ectoderm
ing: STAT Cannot
 Barbie
tivation of a signalling pathway are
e sequence-specific transcriptional
 play an important role in the
ates and invertebrates, indicating
is ancestral mechanism.functional magnetic resonance imaging
signal. Philos. Trans. R. Soc. Lond. B
Biol. Sci. 357, 1003–1037.
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DOI: 10.1016/j.cub.2006.01.026[9,10]. Although both genes are
activated by the JAK/STAT
pathway, they are expressed in
different cell types. To simplify we
will concentrate on two regions of
the embryo: the hindgut and the
posterior spiracles. While UPD
activates both targets in the
hindgut, only socs36E is activated
in the posterior spiracles. Why is
vvl, an otherwise widely
expressed ectodermal gene, not
activated by JAK/STAT in the
spiracles? Ken and Barbie (ken), a
gene homologous to the
vertebrate transcriptional
repressor family BCL-6, can
explain this behaviour [5]. The
name of the gene comes from the
absence of external genitalia in
Ken and Barbie mutants [11].
KEN/BCL-6, a Sequence-Specific
Repressor Family
In vertebrates, BCL-6 is
responsible for many cases of
diffuse large cell lymphomas and
has been shown to interfere with
STAT6-induced transcription [12].
Arbouzova et al. [5] have identified
KEN as the ortholog of BCL-6 in
Drosophila. KEN and BCL-6 are
DNA-binding zinc-finger proteins
containing a BTB (also known as
POZ) domain. The BTB and a
second less well characterised
domain in BCL-6 can confer
transcriptional repressor
characteristics to a heterologous
DNA-binding protein [2]. The
consensus DNA-binding
sequences of KEN and BCL-6 zinc
fingers have been determined.
Although the consensus varies for
each family member, it always
includes the GAAA motif [2,5,13], a
sequence overlapping many of the
putative STAT-binding potential
sites (concensus sequence:
TTCN(N)NNGAA) [3,5,12]. STAT6
